INTRODUCTION
============

Improved understanding of the molecular mechanisms that govern the host response to tumors has led to the identification of checkpoint signaling pathways that limit the anticancer immune response.^[@R1]^ Currently, blockade of the programmed cell death 1 (PD-1)/PD-1 ligand 1 (PD-L1) signaling pathway has been proved one of the most promising immunotherapeutic strategies in boosting the immune system to fight against cancer.^[@R2],[@R3]^ Blocking PD-1 on tumor-infiltrating lymphocytes (TILs) or blocking PD-L1 on tumor cells results in the restoration of the functions of tumor-specific T cells. The reactivated T cells can initiate direct killing of tumor cells and secretion of immunostimulatory cytokines such as interferon gamma (IFN-γ), interleukin-2 (IL-2), and tumor necrosis factor alpha (TNF-α).^[@R4]^

PD-L1 expression has been observed in various epithelial-originated malignancies, including carcinomas of the esophagus, gastrointestinal tract, pancreas, breast, lung, and kidney.^[@R5],[@R6]^ Several studies have found PD-L1 expression on tumor cells correlated with poor prognosis^[@R7],[@R8]^; however, not all reports agree with this phenomenon.^[@R9],[@R10]^ In addition, the association between PD-1 expression on TILs and the survival of patients in several tumor types was also controversial.^[@R11],[@R12]^

Therefore, whether the expression of PD-L1 on tumor cells or the expression of PD-1 on TILs is associated with the prognosis of epithelial-originated cancer remains unclear. A comprehensive analysis of the various outcomes is warranted. Since PD-L1/PD-1 is a common pathway that functions in a wide spectrum of cancers, we sought to perform a meta-analysis by incorporating all available evidences to evaluate the overall survival (OS) according to PD-L1/PD-1 status in patients with epithelial-originated cancer.

MATERIAL AND METHODS
====================

Literature Search
-----------------

All relevant articles were retrieved by searching PubMed, Embase, and Cochrane databases using different combinations of the terms "PD-L1," "B7-H1," "CD274," "PD-1," "CD279," "PD-1," "cancer," "tumor,", "survival," and "prognosis." An additional search through Google Scholar and a manual search through reference lists of relevant reviews were additionally performed. Three authors (Z.Y., K.S., and S.J.) carried out the search independently. As Chinese investigators, we restricted our searches to studies published in either English or Chinese.

Inclusion and Exclusion Criteria
--------------------------------

Eligible studies met the following criteria: investigate the prognosis according to PD-L1/PD-1 status in patients with epithelial-originated cancer; the expression level of PD-L1 or PD-1 was tested by immunohistochemistry (IHC) staining, respectively, on tumor cells or on TILs of the tissue specimens; the primary outcome was available. Studies that failed to meet the inclusion criteria were excluded.

Outcomes Measures, Data Extraction, and Quality Assessment
----------------------------------------------------------

The primary outcome for this meta-analysis was OS. Data of OS were extracted in the manner of hazard ratios (HRs) with the corresponding 95% confidence interval (CI). If the HR was not displayed directly, it was estimated according to the methods described in the previously published article.^[@R13]^ The data collection and assessment of methodological quality followed the QUORUM and the Cochrane Collaboration guidelines (http://www.cochrane.de). The data on lead author, tumor type, IHC evaluation method, cutoff value for PD-L1/PD-1 positive, primary antibody, PD-L1/PD-1 status, and OS were extracted by 3 investigators (H.J., J.L., and W.W.) independently. Three reviewers (G.Z., P.G., and C.G.) used the Newcastle--Ottawa scale specific to cohort study to assess all included studies.^[@R14]^ Discrepancies were discussed by all investigators to reach consensus. All eligible studies were of high quality (more details in Table S1, <http://links.lww.com/MD/A205>). All analyses were based on previous published studies, thus no ethical approval and patient consent are required.

Statistical Analysis
--------------------

HRs for OS with 95% CIs according to the expression status of PD-L1 or PD-1 were pooled. Heterogeneity across the incorporated studies was assessed with a forest plot and the inconsistency statistic (I^2^). Random-effects model was employed in case of potential heterogeneity and to avoid underestimation of standard errors of pooled estimates in this meta-analysis. All calculations were performed using STATA 11.0 (StataA Corp, College Station, TX). Subgroup analysis was conducted according to IHC evaluation method (even in different cutoff values for PD-L1 positive), tumor type, and primary antibody (subdivided into source, type, and catalog), respectively. An HR that was \>1 reflected longer OS for PD-L1 (PD-1) negative patients. All CIs had 2-sided probability coverage of 95%. A statistical test with *P* value less than 0.05 was considered significant.

Publication Bias
----------------

An extensive search strategy was made to minimize the potential publication bias. Graphical funnel plots were generated to visually assess publication bias. The statistical method to detect funnel plot asymmetry was the Begg test.^[@R15]^

RESULTS
=======

Eligible Studies
----------------

A total of 1127 records were identified after our initial search. After implementing exclusion criteria, 29 studies were included^[@R7]--[@R12],[@R16]--[@R38]^ for a total of 7319 epithelial-originated cancer patients (2030/3641 cases for PD-L1 positive/negative, 505/1143 cases for PD-1 positive/negative) with available OS data stratified by PD-L1/PD-1 status. Figure [1](#F1){ref-type="fig"} summarized the flow chart. Our study covered 12 types of epithelial-originated malignancies, including breast cancer (BC), cervical carcinoma (CC), clear cell renal cell carcinoma (CRCC), nonclear cell renal cell carcinoma (NCRCC), colorectal cancer (CRC), esophageal cancer (EC), gastric carcinoma (GC), hepatocellular carcinoma (HCC), small cell lung cancer (SCLC), nonsmall cell lung cancer (NSCLC), pancreatic cancer (PC), and urothelial carcinoma (UCC). The percentage of stained cells was one of the most common ways to evaluate the expression of PD-L1/PD-1 among included articles, as well as the H-score method which combines percentage with staining intensity. Mouse-originated monoclonal antibody accounted for the vast majority in terms of primary anti-PD-L1/PD-1 antibody. Table [1](#T1){ref-type="table"}  summarized the characteristics of involved studies for meta-analysis.
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Meta-Analyses of PD-L1 (PD-1) Positive Versus PD-L1 (PD-1) Negative in Terms of OS
----------------------------------------------------------------------------------

Positive expression of PD-L1 on tumor tissues was associated with significantly poorer OS when compared to those with negative expression of PD-L1 (HR 1.81, 95% CI 1.33--2.46, *P* \< 0.001; Figure [2](#F2){ref-type="fig"}A) in epithelial-originated cancer patients with an 81% increase in risk for all time mortality. Similarly, patients with PD-1 positive expression on TILs had significantly shorter survival than the PD-1 negative group (HR 2.53, 95% CI 1.22--5.21, *P* = 0.012; Figure [2](#F2){ref-type="fig"}B).

![Meta-analysis of PD-L1 positive versus PD-L1 negative on tumor tissues (A) PD-1 positive versus PD-1 negative on tumor infiltrating lymphocytes (B) of epithelial-originated cancer patients in terms of overall survival. CI = confidence interval, HR = hazard ratio, PD-1 = programmed cell death 1, PD-L1 = PD-1 ligand 1.](medi-94-e515-g004){#F2}

Subgroup Analyses, Sensitivity Analyses, and Publication Bias
-------------------------------------------------------------

When using percentage evaluation method, it showed numerically inferior survival in PD-L1 positive group if we took 10% (HR 2.16, 95% CI 0.83--5.65, *P* = 0.115) as the cutoff value, as well as 5% (HR 1.77, 95% CI 0.76--4.15, *P* = 0.188). The results were similar when using H-score system; both cutoff values presented the adverse prognostic effect of PD-L1 expression (H-score ≤50: HR 1.86, 95% CI 1.40--2.46, *P* \< 0.001; H-score \>50: HR 2.26, 95% CI 0.87--5.85, *P* = 0.093) (Figure [3](#F3){ref-type="fig"}; Table S2, <http://links.lww.com/MD/A205>).
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Additionally, significantly superior survival was shown in the PD-L1 negative group when murine antibodies were used as primary anti-PD-L1 antibodies (HR 1.88, 95% CI 1.28--2.75, *P* = 0.001). With respect to the rabbit antibodies, the difference in survival between groups was not significant (HR 1.58, 95% CI 0.89--2.79, *P* = 0.117). Besides, both monoclonal (HR 1.69, 95% CI 1.19--2.40, *P* = 0.003) and polyclonal antibodies (HR 1.89, 95% CI 1.15--3.12, *P* = 0.013) showed statistically different survival between PD-L1 negative and positive groups. As for catalogs, PD-L1 negative patients all presented significantly longer OS when using Clone 2H11 (HR 2.89, 95% CI 1.30--6.43, *P* = 0.009), Clone MIH1 (HR 2.01, 95% CI 1.47--2.74, *P* \< 0.001), and other antibodies without descriptive details, except for Clone 5H1 (HR 1.31, 95% CI 0.80--2.15, *P* = 0.291) (more details are in Table S2, <http://links.lww.com/MD/A205>) (Figure [3](#F3){ref-type="fig"}).

As an exploratory subgroup analysis, we tried to stratify studies according to tumor type. We observed significant better OS in the PD-L1 negative group for patients with CRCC (HR 3.84, 95% CI 2.55--5.78, *P* \< 0.001) or PC (HR 3.20, 95% CI 1.84--5.58, *P* \< 0.001), while the superiority was not significant in patients with CRC (HR 1.49, 95% CI 0.74--3.00, *P* = 0.260), GC (HR 1.37, 95% CI 0.62--3.03, *P* = 0.438), NSCLC (HR 1.35, 95% CI 0.81--2.23, *P* = 0.252), or UCC (HR 1.06, 95% CI 0.71--1.58, *P* = 0.761) (Figure [3](#F3){ref-type="fig"}; Table S2, <http://links.lww.com/MD/A205>) (The analyses were not available in patients with BC, CC, NCRCC, EC, HCC, or SCLC with only 1 study, each reported PD-L1 status-specific OS).

Only a few studies reported OS stratified by PD-1 status; because of this, subgroup analysis was not suitable or available for this cohort. Funnel plots with the Begg tests are shown in Figure S1, <http://links.lww.com/MD/A205>.

DISCUSSION
==========

For patients with epithelial-originated malignancies, the association of the expression of PD-L1 or PD-1 and their prognosis remains unclear. A meta-analysis incorporating all available data from correlative studies is a reasonable method to address this question. We conducted this study and found that epithelial-originated cancer patients with positive expression of PD-L1 had significantly poorer survival than with those with negative expression. Additionally, a similar result indicated that PD-1 overexpressed patients had more adverse prognosis compared with the PD-1 negative group. All these results confirmed that activation of PD-L1/PD-1 pathway has a profoundly adverse prognostic impact on cancer patients.

The basis for the above association derived the following interpretations. Firstly, T-cell receptors of TILs recognize tumor-specific antigens when the antigens are presented by the major histocompatibility complex (MHC) on cancer cells. PD-1 is induced to be expressed on T-cells in response to the inflammatory stimuli. Similarly, in response to a normal immune attack, cancer cells can express PD-L1 to inhibit T-cell--mediated antitumor immunity since PD-L1 can recognize and bind the PD-1 on TILs.^[@R3]^ Secondly, PD-L1 expression on tumor cells could lead to tumor cell immune evasion by inducing apoptosis of specific CD8+ cytolytic T cells. In vivo, some tests have proved that the expression of PD-L1 on mouse P815 tumors increased the apoptosis of activated tumor-reactive T cells and promoted the growth of tumors.^[@R39]^ When the pathways of PD-L1/PD-1 activated, cancer cells could evade the immune response and continue to proliferate, which explained poorer survival in PD-L1/PD-1 positive patients.

Subgroup analysis showed that both IHC evaluation methods (the percentage of stained cells and the H-score which combines percentage with staining intensity) displayed consistent prognostic correlation with the overall results. It is notable that the prognostic impact of different PD-L1 status was delineated more greatly when stricter criteria for positive PD-L1 expression was applied. We could see that studies using 10% as cutoff value showed greater difference in OS between PD-L1 positive and negative groups than those using 5%. Since this is a literature-based analysis, we were unable to uniform all the cutoff values across studies. In consideration of big range from \>3 to \>200 when using H-score method to define the cutoff value for PD-L1 positivity, we conducted a meta-regression analysis to explore the relationship between the cutoff value of PD-L1 positivity and HR~PD-L1\ positive/PD-L1negative~ for OS, finding no linear correlation. To manage the diverse H-score values of PD-L1 positivity, we employed a subgroup analysis referring to the cutoff value. Both subgroups showed consistent trends as the general one. Similarly to percentage evaluation, the higher cutoff value (\>50) yielded larger HR~PD-L1\ positive/PD-L1negative~. Moreover, the unfavorable prognostic value of PD-L1 was significantly seen in patients with CRCC or PC. Despite some trends observed, we currently cannot draw valid conclusion that PD-L1 status is a predictor of prognosis for patients with CRC, GC, NSCLC, or UCC. In addition, the questions whether PD-L1 status is associated with patient survival in BC, CC, NCRCC, EC, HCC, or SCLC require more clinical evidence. Considering that we do not yet have perfect standardized antibodies for assessment of PD-L1, we conducted relative subgroup analyses according to resources, types, and catalogs of antibodies. We found that 2 kinds of murine monoclonal anti-PD-L1 antibodies, Clone 2H11 and Clone MIH1, were strongly correlated with the prognostic value of PD-L1. The pooled subgroup result also showed unfavorable prognosis in PD-L1 positive patients when using Clone 5H1 as primary anti-PD-L1 antibody. But the statistic was not significant, as a result of controversial results reported by relevant studies.^[@R8],[@R11],[@R16]--[@R18],[@R29]^ In future studies, some key issues are the rigorous antibody validation and exclusion of antibodies that cross react with other proteins, as shown by either western blot or IHC. Considering the consistent trends in all subgroups regarding evaluation methods and antibodies, lack of uniform methods and criteria should not be a barrier to a pooled analysis, to illustrate the prognostic significance of PD-L1 in epithelial-originated cancer.

To the best of our knowledge, this is the first study to comprehensively answer the impact of PD-L1 or PD-1 status on patient prognosis in epithelial-originated malignancies. However, several limitations existed: This meta-analysis was mostly based on the extracted data from the survival curves by the indirect method,^[@R13]^ which somehow compromised the precision of data. Cutoff values distinguishing high or low level of PD-L1 expression determined by IHC evaluation and the primary antibodies varied in different types of tumors, which might cause the heterogeneity of the overall results. The subgroup results should have addressed some concerns. We were not able to evaluate the prognostic value of PD-L1 in several tumor types in subgroup analysis due to a lack of data. Few studies mentioned cancer patients' survival stratified by PD-1 status so that subgroup analyses have not been performed. Most of the eligible studies failed to provide data regarding progression-free survival or recurrence-free survival so we only extracted OS data in our meta-analysis. Researchers might prefer to only report the positive results of the prognostic biomarker, which led to the existence of potential publication bias. In addition, few studies evaluated PD-L1 and PD-1 simultaneously, which prevented us from insightful explanation of mechanism. Further studies are warranted to complete the above information.

Regardless of above limitations, this comprehensive analysis statistically confirmed that epithelial-originated cancer patients with positive expression of PD-L1 or PD-1 were associated with significant shorter OS, especially in PD-L1 positive patients with CRCC and PC. The result gave an important hint that, in clinical trials using anti-PD-L1 or anti-PD-1 antibodies as cancer immunotherapy, enrollment might be preferentially carried out on patients with the tumor types mentioned above. Furthermore, more efforts should be made to investigate the reason why the prognostic value of PD-L1 or PD-1 was in different levels in various epithelial-originated malignancies.

In conclusion, we confirmed that PD-L1 or PD-1 status evaluated by IHC staining is a predictor of patient prognosis in epithelial-originated malignancies.

Abbreviations: BC = breast cancer, CC = cervical carcinoma, CI = confidence interval, CRCC = clear cell renal cell carcinoma, CRC = colorectal cancer, EC = esophageal cancer, GC = gastric carcinoma, HCC = hepatocellular carcinoma, HR = hazard ratio, IFN-γ = interferon gamma, IL-2 = interleukin-2, MHC = major histocompatibility complex, NCRCC = nonclear cell renal cell carcinoma, NSCLC = nonsmall cell lung cancer, OS = overall survival, PC = pancreatic cancer, PD-1 = programmed cell death 1, PD-L1 = PD-1 ligand 1, SCLC = small cell lung cancer, TILs = tumor-infiltrating lymphocytes, TNF-α = tumor necrosis factor alpha, UCC = urothelial carcinoma.
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